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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable high 
compression ratio by increasing an octane number of 
liquid fuel, when reformed gas and liquid gas is 
selectively used. 

SOLUTION: Fuel (hydrocarbon fuel) and water are 
gasified by exhaust heat by means of an evaporator 
7. Mixed gas of gas (hydrocarbon gas and steam) 
and air from the evaporator 7 is supplied to a 
reforming unit 8, and fuel is reformed by the steam 
reforming reaction and a partial oxidizing reaction. A 
gas from the reforming unit 8 is supplied to a cooler 
14 and then cooled, to condensate non-reformed 
hydrocarbon gas into high octane value liquid fuel 
and is separated from the reformed gas. The 
reformed gas is stored in a tank 16 and supplied to an engine 1 by a gas fuel injector 3 in 
the partial load operation. The high octane valve fuel is stored in a liquid fuel injector 5 in 
the high load operation. 
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* NOTICES * 

JPO and INPZT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By drawing the gas which came out of the reforming machine which reforms a fuel by the 
steam-reforming reaction and the partial oxidation reaction in response to supply of a fuel, water, 
and air as said fuel reformer, and ttiis reforming machine in the intemal combustion engine with a 
fuel reformer, and cooling The internal combustion engine with a fuel reformer which condenses 
hydrocarbon [ that reforming is carried out ] gas, and is characterized by establishing the means for 
switching which uses reformed gas and high octane value liquid fuel properly according to a service 
condition as high octane value liquid fuel while forming reformed gas and the condensator to 
separate. 

[Claim 2] He is the internal combustion engine with a fuel reformer according to claim 1 
characterized by using reformed gas for said means for switching at the time of an engine's partial 
load operation, and using high octane value liquid fiiel at the time of heavy load operation. 
[Claim 3] The intemal combustion engine with a fuel reformer according to claim 1 or 2 
characterized by being characterized by preparing the evaporator which gasifies the fuel and water 
which are supplied to said reforming machine with an engine's exhaust air heat. 
[Claim 4] The intemal combustion engine with a fuel reformer of any one publication of claim 1 
characterized by forming the storage tank which stores the reformed gas and high octane value liquid 
fuel which were separated with said condensator, respectively - claim 3. 

[Claim 5] The intemal combustion engine with a fuel reformer according to claim 4 characterized by 
establishing a quantity-to-be-stored detection means to detect the quantity to be stored of reformed 
gas and high octane value liquid fuel, respectively, and the reforming control means which controls 
at least one side according to the quantity to be stored of reformed gas and high octane value liquid 
fuel among the fuel amount of supply to said reforming machine, or the reforming temperature in 
said reforming machine. 

[Claim 6] Said reforming control means is an intemal combustion engine with a fuel reformer 
according to claim 5 characterized by controlling the ratio of a steam-reforming reaction and a 
partial oxidation reaction, and controlling reforming temperature. 

[Claim 7] Said reforming control means is an intemal combustion engine with a fuel reformer 
according to claim 6 characterized by controlling the fuel amount of supply, the water amount of 
supply, and the amount of air supply to said reforming machine, and controlling the ratio of a steam- 
reforming reaction and a partial oxidation reaction. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an intemal combustion engine with a fiiel reformer. 
[0002] 

[Description of the Prior Art] As a conventional intemal combustion engine with a fuel reformer, 
there is a thing as shown, for example in JP,52-98819,A. 

[0003] In this intemal combustion engine with a fuel reformer, a fuel (hydrocarbon fuel) is fed by the 
eliminator through a pump from a fuel tank, and is divided into the hydrocarbon gas of a low-boiling 
point component, and the liquid hydrocarbon of a high-boiling point component within an 
eliminator. The hydrocarbon gas of a low-boiling point component is sent to a reforming machine, 
and with a reforming vessel, reforming of it is carried out to gas with much hydrogen content, and it 
is supplied to an engine through a mixer. On the other hand, the liquid hydrocarbon of a high-boiling 
point component is supplied to an engine through an injector as it is. 
[0004] 

[Problem(s) to be Solved by the Invention] However, although the boiling point becomes high as a 
property of a hydrocarbon so that a carbon content increases, it sets from an octane value necessarily 
not becoming high to the conventional intemal combustion engine with a fuel reformer. Since the 
octane value of the liquid hydrocarbon of the high-boiling point component separated with the 
eliminator is comparable as the hydrocarbon fuel of a basis, although the intemal combustion engine 
with a fuel reformer aims at making it bum in a high compression ratio, and improving thermal 
efficiency, originally by use of reformed gas When the time of use of liquid hydrocarbon was taken 
into consideration, there was a trouble that a compression ratio could not be raised, 
[0005] When using reformed gas and liquid fuel properly in view of such a conventional trouble, this 
invention makes possible high-pressure shrinkage at the time of use of liquid fuel, and aims at 
offering the intemal combustion engine with a fuel reformer which can aim at large improvement in 
fuel consumption and an output. 
[0006] 

[Means for Solving the Problem] For this reason, by drawing the gas which came out of the 
reforming machine which reforms a fuel by the steam-reforming reaction and the partial oxidation 
reaction in resppnse to supply of a fuel, water, and air as a fiiel reformer, and this reforming machine 
in invention concerning claim 1, and cooling Hydrocarbon [ that reforming is carried out ] gas is 
condensed, and while forming reformed gas and the condensator to separate as high octane value 
liquid fuel, it is characterized by establishing the means for switching which uses reformed gas and 
high octane value liquid fuel properly according to a service condition. 

[0007] In invention conceming claim 2, it is characterized by using reformed gas for said means for 
switching at the time of an engine's partial load operation, and using high octane value liquid fuel at 
the time of heavy load operation. In invention conceming claim 3, it is characterized by being 
characterized by preparing the evaporator which gasifies the fuel and water which are supplied to 
said reforming machine with an engine's exhaust air heat. 

[0008] In invention conceming claim 4, it is characterized by forming the storage tank which stores 
the reformed gas and high octane value liquid fuel which were separated with said condensator, 
respectively. In invention conceming claim 5, it is characterized by establishing a quantity-to-be- 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 6/27/2007 



JP,2000-291499,A [DETAILED DESCRIPTION] 



Page 2 of 6 



stored detection means to detect the quantity to bei stored of reformed gas and high octane value 
liquid fuel, respectively, and the reforming control means which controls at least one side according 
to the quantity to be stored of reformed gas and high octane value liquid fuel among the fuel amount 
of supply to said reforming machine, or the reforming temperature in said reforming machine, 
[0009] In invention concerning claim 6, said reforming control means is characterized by controlling 
the ratio of a steam-reforming reaction and a partial oxidation reaction, and controlling reforming 
temperature. In invention concerning claim 7, said reforming control means is characterized by 
controlling the fuel amoimt of supply, the water amoimt of supply, and the amount of air supply to 
said reforming machine, and controlling the ratio of a steam-reforming reaction and a partial 
oxidation reaction. 
[0010] 

[Effect of the Invention] According to invention concerning claim 1 , by cooling the gas which came 
the reforming machine out of through and a reforming machine, without separating a fuel in 
advance, hydrocarbon [ that reforming is carried out ] gas is condensed and it can dissociate with 
reformed gas as high octane value liquid fuel. 

[001 1] As a property of a hydrocarbon, it reforms, and a ****** hydrocarbon has strong association 
between atoms, and is the molecule stabilized more, that is, an octane value is high. Although a 
component with a low octane value and a high component are intermingled and it has a certain 
octane value in the hydrocarbon fuel of a b2isis, by condensing hydrocarbon [ that reforming is 
carried out even if it lets a reforming machine pass ] gas with a condensator, and dissociating, it 
means extracting a component with a high octane value, and high octane value liquid fuel can be 
obtained. That is, high octane value liquid fuel can be obtained using the strong correlation with the 
difficulty of carrying out of reforming of each hydrocarbon molecule and octane value which are 
contained in liquid fuel. 

[0012] Therefore, when using reformed gas and liquid fuel properly, high compression ratio-ization 
can be realized also in which field and large improvement in the fuel consumption by improvement 
in thermal efficiency and an output can be aimed at. 

[0013] According to invention concerning claim 2, the improvement in fuel consumption at the time 
of partial load operation and the improvement in an output at the time of heavy load operation can be 
especially reconciled at a high dimension by using reformed gas at the time of an engine*s partial 
load operation, and using high octane value liquid fuel at the time of heavy load operation. 
[0014] According to invention concerning claim 3, by preparing the evaporator which gasifies the 
fuel and water which are supplied to a reforming machine with an engine^s exhaust air heat, calorific 
value increase can be aimed at by recovery of exhaust air heat, and improvement in fuel 
consumption can be aimed at further, 

[0015] According to invention concerning claim 4, the degree of fireedom of proper use improves by 
forming the storage tank which stores the reformed gas and high octane value liquid fuel which were 
separated with the condensator, respectively. 

[0016] According to invention concerning claim 5, according to the quantity to be stored of reformed 
gas and high octane value liquid fuel, it is secijrable by controlling at least one side among the fuel 
amount of supply to a reforming machine, or the reforming temperature in a reforming machine so 
that each quantity to be stored may become convention within the limits. While both quantities to be 
stored can be increased by increasing the fuel amount of supply especially, the yield of reformed gas 
can be increased by raising reforming temperature, and the yield of high octane value liquid fuel can 
be increased by reducing reforming temperature conversely. 

[0017] According to invention concerning claim 6, by reducing reforming temperature, increasing 
the yield of high octane value liquid fuel, and increasing the ratio of the partial oxidation reaction 
which is exothermic reaction, reforming temperature can be raised and the yield of reformed gas can 
be increased by increasing the ratio of the steam-reforming reaction which is endothermic reaction. 
[001 8] According to invention concerning claim 7, by controlling the fuel amount of supply, the 
water amount of supply, and the amount of air supply to a reforming machine, the ratio of a partial 
oxidation reaction can be raised and, thereby, reforming temperature can be exactly controlled by 
raising the ratio of a steam-reforming reaction and increasing the amount of air supply by increasing 
especially the water amount of supply. 
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[0019] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained below. 
Drawing 1 is the system chart of the intemal combustion engine with a fuel reformer which shows 1 
operation gestalt of this invention. 

[0020] The fuel gas injector 3 which injects fuel gas is attached in the inhalation-of-air system 2 of 
an engine 1, and the liquid fuel injector 5 which injects direct liquid fuel is attached in the 
combustion chamber 4. 

[0021] The evaporator 7 which gasifies the mixed liquor object of a fuel (hydrocarbon fuel) and 
water with exhaust air heat, and the reforming machine 8 which reforms the mixed gas of the gas 
(hydrocarbon gas and steam) fi-om this evaporator 7 and air according to exhaust air heat and a 
reforming catalyst arrange the reforming machine 8 to the exhaust air system upstream, and is 
attached in the exhaust air system 6 of an engine 1 . 

[0022] In here, a fuel (hydrocarbon fuel) is supplied by the fuel pump 10 from a fuel tank 9, water is 
supplied with a water pump 12 firom a water tank 1 1, it is mixed in advance and these are supplied to 
an evaporator 7. The mixed liquor object supplied to the evaporator 7 collects and gasifies exhaust 
air heat in the process in which heat exchange pipe 7a in an evaporator 7 is passed. 
[0023] The gas (hydrocarbon gas and steam) fi-om an evaporator 7 is supplied to the reforming 
machine 8, after being mixed with the air supplied by the air pump 13. The mixed gas supplied to the 
reforming machine 8 is the process in which heat exchange pipe 8a with which the reforming 
catalyst in the reforming machine 8 is filled up is passed, a part serves as reformed gas (H2, CO) 
containing hydrogen gas by the steam-reforming reaction and the partial oxidation reaction, and the 
remainder (mainly aroma system) is supplied to both the condensators (condenser) 14 as 
hydrocarbon gas, while reforming has not been carried out by it. 

[0024] The cooling pipe 1 5 with which an engine cooling water circulates is arranged in the interior, 
and a condensator 14 condenses hydrocarbon [ that reforming is carried out ] gas, and separates it 
with reformed gas as high octane value liquid fuel. 

[0025] That is, among the gas fi-om the reforming machine 8, it is only cooled with a condensator 14 
and some reformed gas is divided into the headroom of a condensator 14, it is cooled with a 
condensator 14, and it is condensed, and liquefies and the remaining hydrocarbon [ that reforming is 
carried out ] gas is divided into the pars basilaris ossis occipitalis of a condensator 14 as high octane 
value liquid fuel. 

[0026] As a property of a hydrocarbon, it reforms, and a ****** hydrocarbon has strong association 
between atoms, and is the molecule stabilized more, that is, an octane value is high. Therefore, by 
condensing hydrocarbon [ that reforming is carried out even if it lets the reforming machine 8 pass ] 
gas with a condensator 14, and dissociating, it means extracting a component with a high octane 
V2ilue, and high octane value liquid fuel can be obtained. 

[0027] The reformed gas separated with the condensator 14 is drawn from a headroom, is stored in 
the reformed gas siirge tank 16, and is led to the fuel gas injector 3 after this. On the other hand, high 
octane value liquid fuel is drawn from the pars basilaris ossis occipitalis of a condensator 14, is 
stored in the high octane value liquid fuel tank 17, and is led to the liquid fuel injector 5 by flie fuel 
pump 18 after this. 

[0028] Here, for detection of the quantity to be stored of reformed gas, as a quantity-to-be-stored 
detection means, the pressure gage 19 which measures tank intemal pressure is attached in the 
reformed gas surge tank 16, and the level sensor 20 which measures oil-level height is attached in it 
as a quantity-to-be-stored detection means at the high octane value liquid fuel tank 17 for detection 
of the quantity to be stored of high octane value liquid fuel. 

[0029] In the above-mentioned intemal combustion engine with a fuel reformer, the reformed gas by 
the fuel gas injector 3 and the high octane value liquid fuel by the liquid fuel injector 5 are properly 
used according to a service condition by the means for switching provided by software in the control 
unit for engine control. In addition, the excess air factor lambda at the time of use of reformed gas 
makes the excess air factor lambda at the time of use of about 2.5 and high octane value liquid fuel 
about 1.0. 

[0030] Drawing 2 explains the example of the proper use according to a service condition. Low 
moreover, reformed gas is used at the time of engine partial load operation, i.e., an engine load, in 
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the field (field usually used for operation) where an engine speed is low. Exhaust air heat is 
collected, moreover, lean combustion is possible for hydrogen gas, and the large improvement in 
fuel consumption of it is attained fi"om the property of not causing knocking under a high 
compression ratio. 

[0031] In a high field, high octane value liquid fuel is used at the time of heavy load operation of an 
engine, i.e., an engine load. It is because the charging efficiency of inhalation of air will fall, an 
output will decline, if fuel gas is used in this field, so it is liquid fuel and the fuel of a high octane 
value is needed. 

[0032] In middle fields other than these, reformed gas and high octane value liquid fuel are used 
together. Reformed gas is mainly used and, specifically, high octane value liquid fiiel is used as an 
insufficiency. 

[0033] It is always necessary to maintain each quantity to be stored of the reformed gas surge tank 
16 and the high octane value liquid fuel tank 17 at convention within the limits for this reason, and 
the fuel amount of supply by the fuel pump 1 0, the water amount of supply by the water pump 12, 
and the amount of air supply by the air pump 1 3 are exactly controlled for such proper use. 
[0034] Drawing 3 explains flows of control for, this. This flow is equivalent to a reforming control 
means. Step 1 (it is described in drawing as SI .) In it being the same as that of the following, a 
predetermined value is given, respectively as initial value of the fiiel amoimt of supply Gg and the 
steam-reforming rate Aw. In addition, it is 0 <=Aw<=l . 

[0035] A fuel pump 10 is controlled by step 2 to become the fuel amount of supply Gg. At step 3, the 
water amount of supply Gw is calculated by the degree type based on the fuel amount of supply Gg 
and the steam-reforming rate Aw. 
[0036] Gw=KwxAwxGg However, Kw is a constant. 

Moreover, based on the fuel amount of supply Gg and the steam-reforming rate Aw (partial 
oxidation rate 1 -Aw), the amount Ga of air supply is calculated by the degree type. 
[0037] Ga=Kax(l-Aw) xGg However, Ka is a constant. 

To become the water amount of supply Gw, a water pump 12 is controlled by step 4, and an air 
pump 1 3 is controlled by it to become the amount Ga of air supply. 

[0038] At step 5, the quantity to be stored of high octane value liquid fuel, i.e., the output of the level 
sensor 20 formed in the high octane value liquid fuel tank 17, (oil-level height) is read. At step 6, the 
quantity to be stored (output of a level sensor 20) of high octane value liquid fUel judges whether it is 
the inside of the convention range (a lower limit - upper limit), and, in outside the convention range, 
it progresses to step 7. 

[0039] At step 7, it judges any below more than a upper limit or a lower limit they are. In below a 
lower limit, it progresses to step 8, it carries out the increment in a constant rate of the fuel amount of 
supply Gg (Gg=Gg+delta Gg;delta Gg is a constant rate), and returns to step 2. 
[0040] In more than a upper limit, it progresses to step 9, it carries out constant-rate reduction of the 
fuel amount of supply Gg (Gg=Gg-delta Gg), and retums to step 2. It progresses to step 10, without 
changing the fuel amount of supply Gg by judgment at step 6, when the quantity to be stored (output 
of a level sensor 20) of high octane value liquid fuel is convention within the limits. 
[0041] At step 10, the output (tank internal pressure) of the pressure gage 19 formed, the quantity to 
be stored 16, i.e., the reformed gas surge tank, of reformed gas, is read. At step 11, the quantity to be 
stored (output of a pressure gage 19) of reformed gas judges whether it is the inside of the 
convention range (a lower limit - upper limit), and, in outside the convention range, it progresses to 
step 12. 

[0042] At step 12, it judges any below more than a upper limit or a lower limit they are. In order to 
progress to step 13 and to raise reforming temperature, in below a lower limit, constant value 
reduction of the steam-reforming rate Aw is carried out (Aw=Aw-delta Aw;delta Aw is constant 
value), and it retums to step 2. 

[0043] In order to progress to step 13 and to reduce reforming temperature, in more than a upper 
limit, the increment in constant value of the steam-reforming rate Aw is carried out (Aw=Aw-i-delta 
Aw), and it retums to step 2. It retums to step 2, without changing the steam-reforming rate Aw by 
judgment at step 1 1 , when the quantity to be stored (output of a pressure gage 1 9) of reformed gas is 
convention within the limits. 
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[0044] as mentioned above, the quantity to be stored of high octane value Hquid fiiel — a convention 
~ when it becomes out of range, it is fluctuating the fuel amount of supply Gg, and the amount of 
generation of high octane value liquid fiael is adjusted, moreover, the quantity to be stored of 
reformed gas — a convention ~ when it becomes out of range, it is fluctuating the ratio (steam- 
reforming rate Aw) of a steam-reforming reaction and a partial oxidation reaction, and the amount of 
generation of reformed gas is adjusted. When the quantity to be stored of reformed gas becomes 
below a lower linMt, specifically by enlarging the ratio of a partial oxidation reaction, if it is small 
and the ratio of a steam-reforming reaction is put in another way (namely, the water amount of 
supply — few — carrying out — the amount of air supply — many ~ carrying out), and raising 
reforming temperature When the amount of generation of reformed gas is msde [ many ] and the 
quantity to be stored of reformed gas becomes more than a upper limit conversely if it is large and 
the ratio of a steam-reforming reaction is put in another way, the ratio of a partial oxidation reaction 
will be made small (namely, the water amoimt of supply — many — carrying out — the amount of air 
supply — few — carrying out), and the amoimt of generation of reformed gas is lessened by reducing 
reforming temperature. 

[0045] Furthermore, it explains in detail. It reforms as a property of a hydrocarbon. A ****** 
hydrocarbon Although association between atoms is strong, it is the molecule stabilized more, and a 
component with a high octane value is extracted and high octane value liquid fuel is obtained by 
condensing hydrocarbon [ that reforming is carried out ] gas with a condensator 14, and dissociating 
even if it lets the reforming machine 8 pass since the octane value is high Association between atoms 
is strong, and it will become reformed gas, if it puts to an elevated temperature even if it is the 
molecule stabilized more. Therefore, it will be influenced by reforming temperature how much it 
reforms. 

[0046] Here, there are a steam-reforming reaction of endothermic reaction and a partial oxidation 
reaction of exothermic reaction in reforming. 

- Steam-reforming reaction C7 H13+7H2 0->13.5H2+7CO (endothermic reaction) 

- Partial oxidation reaction C7 H13+3.502 ->6.5H2+7CO (exothermic reaction) 

Therefore, while reducing water and decreasing a steam-reforming reaction, by making [ many ] air 
and making a partial oxidation reaction increase, reforming temperature becomes an elevated 
temperature and many reformed gas is generated. 

[0047] While increasing water and making a steam-reforming reaction increase conversely, by [ the ] 
lessening air and decreasing partial oxidation, reforming temperature becomes low temperature and 
reformed gas is generated few. 

[0048] Therefore, each yield of reformed gas and high octane value liquid fuel is controllable by 
controlling the water amount of supply and the amount of air supply. Drawing 4 is the system chart 
of the internal combustion engine with a fuel reformer which shows other operation gestalten of this 
invention. 

[0049] With this operation gestalt, the reforming machine 8 has been arranged out of the exhaust air 
system 6, and passage 8a with which the catalyst for reforming is filled up is covered by heat 
insulator 8b. Others are the same as drawing 1 . It will be cooled conversely, and since a reforming 
operation is not made, the reforming machine 8 is arranged out of the exhaust air system 6, and if an 
exhaust-gas temperature is lower than reforming temperature when the reforming machine 8 is 
formed in the exhaust air system 6, while 10 minutes insulates, they will enlarge the rate of a partial 
oxidation reaction and will acquire desired reforming temperature. 

[0050] In addition, with the above operation gestalt, although supply of the water to a water tank 1 1 
is needed for supply of water, if the steam under exhaust air is condensed and water is obtained, the 
need for supply can be abolished. 

[0051] Moreover, although it is made to carry out direct injection supply of the high octane value 
liquid fuel into a combustion chamber 4 with the liquid fuel injector 5, you may make it inject in the 
inhalation-of-air system 2 with the above operation gestalt. However, in order to raise an exhaust-gas 
temperature, an expansion line makes an exhaust air line a direct injection type, when injection is 
needed. 
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(54) INTERNAL COMBUSTION ENGINE WITH FUEL REFORMING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable high compression 
ratio by increasing an octane number of liquid fuel, when 
reformed gas and liquid gas is selectively used. 
SOLUTION: Fuel (hydrocarbon fuel) and water are 
gasified by exhaust heat by means of an evaporator 7. 
Mixed gas of gas (hydrocarbon gas and steam) and air 
from the evaporator 7 is supplied to a reforming unit 8, 
and fuel is reformed by the steam reforming reaction and 
a partial oxidizing reaction. A gas from the reforming unit 
8 is supplied to a cooler 14 and then cooled, to 
condensate non-reformed hydrocarbon gas into high 
octane value liquid fuel and is sepjarated from the 
reformed gas. The reformed gas is stored in a tank 16 
and supplied to an engine 1 by a gas fuel injector 3 in 
the partial load operation. The high octane valve fuel is 
stored in a liquid fuel injector 5 in the high load 
operation. 
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